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Experimental procedures

General information
All reactions, manipulations, work-up and purifications were performed under inert argon atmosphere using anhydrous solvents. Unless otherwise stated, reagents used in this work including ferrocene and PCl3 were obtained commercially and were used as received. FcLi, 4] (0.886 g, 1 mmol) was added CH2Cl2 (10 mL) at room temperature. The reaction mixture was stirred for 15 minutes then filtered under argon through a syringe PTFE filter; a dark red-brown solution was obtained.
Hexane (50 mL) was added with vigorous stirring. The microcrystalline solid was allowed to settle, and the solution removed. The remaining solid was recrystallized once from 1,2-difluorobenzene/hexane (4 mL/20 mL) and once from CH2Cl2/hexane (4 mL/20 mL). The title product was obtained as a black solid (1.10 g, 87% Index ranges 
X-Ray diffraction studies
-13  k  13 -27 h  27 -16  k  16 -13  k  12 -21  l  21 -37  l  37Index ranges -18 h  18 -21 h  21 -20  k  20 -16  k  16 -28  l  28 -49  l  50
Computational data
Starting from the solid-state molecular geometries of 1-4 structural optimizations were conducted by density functional theory (DFT) at the B3PW91/6-311+G(2df,p) 12,13 level of theory using Gaussian09. 14 For Fe a fully relativistic effective core potential (ECP10MDF) and a corresponding cc-pVTZ basis set was utilized. 15, 16 Normal mode (or frequency) analysis proved that all stationary points were at least local minima. The wavefunction files were employed for a topological analysis of the electron density according to the Atoms-InMolecules (AIM) space-partitioning scheme using AIM2000, 17 whereas DGRID step size were computed. NCI grids were generated with NCIplot. 19 Molecular orbitals (MO)
were extracted from the formatted checkpoint files with the cubegen subroutine of Gaussian09.
Natural bond orbitals (NBO) were calculated with NBO 5.9. 20 Bond paths are displayed with AIM2000, ELI-D and NCI figures are displayed with MolIso, 21 MO and NBO images are generated with GaussView 5. 22 The AIM topology parameters are collected in Table S3, whereas AIM charges (Q(AIM) are listed in Table S4 . The P-C, P-N, P-P, and P-Cl bonds show both strong non-covalent and covalent bonding aspects, the contributions of which commonly are interpreted by means of the kinetic and total energy density over ED ratios, G/ρ or H/ρ. High positive G/ρ values suggest strong non-covalent contributions and high negative H/ρ values suggest strong covalent contributions, which is not mutually exclusive but could both be present. For the shorter P-C bonds (<1.9 Å) both aspects are higher than for the longer P-P bonds (>2.2 Å). ELI-D related parameters are compiled in Tables S5 and S6 . The
Raub Janzen indices of the donor acceptor bonds of 3 and 4 are 66.9 (P-P) and 87.5 (P-C), respectively. ρ(r)bcp is the corresponding Laplacian, ε is the bond ellipticity, G/ρ(r)bcp and H/ρ(r)bcp are the kinetic and total energy density over ρ(r)bcp ratios. 
